Previous studies' have shown that in patients with disseminated intravascular coagulation (DIC) pulmonary function frequently de- teriorates, but the pathological background has not been established. Systemic thrombosis and haemorrhage occur with DIC as a result of the activation and consumption of clotting factors;4 the possible pathological changes in the lung are fibrin thrombosis and haemorrhage.`R obboy et al6 and a previous study by our group' suggested a relationship between DIC and macroscopic thromboembolism. Casecontrol studies with adequate numbers are necessary to estimate such a relationship, as pulmonary thromboembolism is found in a high proportion of lungs when they are carefully examined at necropsy.9' Furthermore, our earlier study8 suggested the frequent occurrence of pulmonary infarction in DIC. Knowledge of the incidence and extent of haemorrhage, thromboembolism, and infarction may help in the management of patients with these pulmonary complications. It may also provide information about the mechanism of pulmonary dysfunction in DIC.
The purpose of this study was to establish the incidence ofpulmonary thromboembolism, infarction, and haemorrhage at necropsy of patients who had died with the complications of DIC, and to examine the relationships between DIC and the pathological findings.
Methods

SUBJECTS
Of 741 necropsies performed between 1989 and 1992 in the Department of Pathology, Tokyo Metropolitan Geriatric Hospital, 87 cases were clinically diagnosed as being complicated by DIC. The diagnosis of DIC was made according to the criteria established by the Japanese Ministry of Health and Welfare."
The major features of this scoring system were prothrombin time (>15 seconds), fibrinogen concentration (<150 mg/dl), fibrin degeneration products (FDP, >10 pg/ml), and platelet count (< 12 x 1 04/Il). Sixty four control cases were selected from the same series. The criteria for selecting the control subjects were no abnormalities in any of the following three coagulation tests performed within two days before death: prothrombin time (10-5-12-3 seconds), fibrinogen concentration (182-218 mg/dl), and platelet count (13- A total of 123 thromboemboli were found in the group with DIC and 38 in the control group. The most proximally located thromboemboli in both groups were in the interlobar arteries (table 3) . Twenty four cases with DIC had thromboemboli in the segmental or more central arteries. Amongst them, six had thromboemboli in the lobar or interlobar arteries, including one with thromboemboli in bilateral interlobar arteries. Five of these six patients had tachypnoea, dyspnoea, or hypoxia; three had heart failure or pneumonia while the remaining two had no obvious pulmonary or cardiac complications.
The external diameter of the thromboembolised artery ranged from 1 to 9 mm, with the most common diameter being 2-3 mm (fig 1) . There was no significant difference between the two groups in the external diameter or dimensional distribution of the thromboembolised arteries (fig 1, table 3 ). The number of thromboemboli per case is shown in fig 2. Again no significant difference was found between the two groups. In the control subjects no case had more than five thromboemboli, whereas in those with DIC two had 13 and 15 thromboemboli; one case had pancreatic cancer complicated by biliary tract infection and the other had acute suppurative cholangitis. Diameter of artery (mm) Figure 1 Distribution of the external diameter of the thromboembolised arteries in patients with disseminated intravascular coagulation (DIC) and control subjects. The external diameter was measured at the proximal portion of the thromboemboli. On microscopical examination, fibrin thrombi, which appeared as dense, homogeneous, and hyaline masses, were present in 43 of the subjects with DIC and in 13 of the 64 control cases (table 2) . Microthromboemboli were morphologically similar to macroscopic thromboemboli and comprised both red and white blood cells in tangled fibrin aggregates. They were present in 45 cases with DIC and in 24 control cases. The incidence of fibrin thrombi was significantly higher in the group with DIC (p<001), whereas there was no difference in the incidence of microthromboemboli between the two groups. The numbers of fibrin thrombi and microthromboemboli/20 cm2 of the microscopical sections in each positive case are shown in fig 3 . There was no significant difference between 
Discussion
DIC is a pathological process in which activation of the coagulation system and consumption of clotting factors result in fibrin formation in the systemic circulation and haemorrhage in multiple organs including the lung. Previous studies of DIC35 have revealed fibrin thrombi in the small pulmonary vessels and pulmonary haemorrhage, although little quantitative information on their incidence or extent. Previous studies by Robboy et al6 and our group8 have suggested a relationship between DIC and macroscopic thromboembolism and infarction. The present study showed that fibrin thrombosis, pulmonary haemorrhage and macroscopic thromboembolism occurred more frequently in patients with DIC than in a control group. There was also a tendency for infarction to be more frequent in cases with DIC (table  2) .
Although it has received little emphasis, DIC is also a risk factor for macroscopic thromboembolism as well as microscopic fibrin thrombosis.'5-'" A 58-6% incidence of thromboembolism in DIC in the present study was comparable to our previous report8 in which it occurred in 15 of 33 subjects with DIC. The high incidence of thromboembolism in the group with DIC is unlikely to be due to the longer hospital stay because this duration or admission to the ICU or CCU was similar in the two groups.
Since only a small number (five out of 51 cases) of the patients with DIC and thromboemboli had fibrous bands or webs, it can be assumed that most ofthe thromboemboli found in the present study were formed during the terminal period of illness. No patient was diagnosed as having thromboemboli during life.
The incidence of fibrin thrombi in the group with DIC was similar to that reported in the study of Kim et al7 where pulmonary fibrin thrombi were found in 13 of 21 cases of DIC. Although the presence of fibrin thrombi has been considered pathognomonic of DIC,6 they were also found in 13 of the control subjects. In these cases DIC may have occurred within the period between the final coagulation test and death.
The present quantitative study showed that the number of thromboemboli varied greatly among subjects with DIC (figs 2 and 3). Two subjects had more than 13 thromboemboli on macroscopical examination and two others had more than 70 fibrin thrombi/20 cm2 in the microscopical sections. The actual number of thromboemboli formed during the episode of DIC may have been greater because most thromboemboli are known to undergo lysis or become incorporated into the vessel wall within [4] [5] [6] weeks. '8 Tomashefski et al '9 showed that in adult respiratory distress syndrome both macrothrombi and microthrombi were most numerous in the early stages, suggesting their lysis in the course of the syndrome.
It was impossible to distinguish morphologically between thrombi formed in situ and emboli. The origin of thromboemboli in DIC is controversial. Blaisdell et a 2021 postulated that, in local injuries, intravascular coagulation and thrombosis would occur in the injured organs resulting in pulmonary embolism. On the other hand, in acute respiratory failure Schneider et a122 reported that platelet sequestration occurred in the lung, and Rodvien et alP detected pulmonary sequestration of fibrinogen, suggesting in situ pulmonary thrombosis. In DIC, which is a systemic disorder, intravascular coagulation occurs in systemic organs including the lung, irrespective of triggers. It could be assumed therefore that pulmonary thromboemboli comprise both emboli from thrombi in the venous circulation and in situ thrombi formed in the pulmonary circulation.
The number of infarcts found in this study was small, and the incidence was similar to our previous study8 in which infarcts were present in three out of 135 non-DIC subjects and four out of 33 subjects with DIC. All of the seven infarcts were of recent phase and could be considered to have occurred during the episode of DIC. The incidence of infarction was greater in the group with DIC than in the control group, but the ratio of thromboembolism accompanied by infarction was similar between the two groups, suggesting that DIC per se does not contribute to the development of infarction by an individual thromboembolus.
Multiple organ haemorrhages including the lung have been reported in DIC.5 The incidence of pulmonary haemorrhage varies greatly: in seven out of 10 patients with DIC pulmonary haemorrhage was the direct cause of death,5 whereas no haemorrhage was seen in 21 necroscopic cases of DIC.7 The present study found pulmonary haemorrhage in 16- 1% of the group with DIC, an incidence significantly higher than in the control subjects. Most of the haemorrhagic areas were small and rarely involved more than one segment. Abnormal alveolar densities on the chest radiograph newly formed during the DIC episode are usually considered to be inflammatory,5 but this study suggested that some may be due to haemorrhage. 
